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Abstract

Background: Association between metabolic syndrome (MS) and mildly reduced estimated glomerular filtration
rates (eGFRs) remains unclear. Therefore, we aimed to evaluate the association between MS and a mildly reduced

eGFR in Chinese adults.

Methods: Anthropometric and biochemical examinations were performed in 2992 individuals. The eGFR was
calculated from the creatinine level. MS was defined according to the Adult Treatment Panel Il criteria as the
presence of three or more risk factors. Mildly reduced eGFR was defined as a value between 60 and 90 mL/min/
1.73 m?. Multiple linear regression and multiple logistic regression analysis were used to evaluate association
between metabolic syndrome and estimate glomerular filtration rate.

Results: After adjusting for several potential confounders, the participants with MS showed a 1.29-fold increased
odds ratio for a mildly reduced eGFR compared with those without MS. Additionally, the odds ratios (and 95%
confidence intervals (Cls)) for mildly reduced eGFR in participants with elevated triglycerides (TG), decreased high-
density lipoprotein (HDL), obesity and elevated fasting blood glucose (FPG) after multivariable adjustment were
1.25 (1.05-1.49), 1.23 (1.03-1.48), 1.22 (1.03-1.45) and 0.64 (0.52-0.78), respectively. The odds ratios (95% Cls) for
hyperfiltration in participants with elevated FPG and HbA1c levels after multivariable adjustment were 1.53

(1.30-1.81) and 2.86 (2.00-4.09), respectively.

Conclusions: MS is associated with an increased risk of a mildly reduced eGFR in the Chinese population, and
several individual components of MS have different impacts on eGFR levels. MS had dual roles on renal damage.

Trial registration: ChiCTR-TRC-14005029. Registered 28 July 2014.
Keywords: Metabolic syndrome, Mildly reduced eGFR, Hyperfiltration, Chinese, Renal damage

Background

Chronic kidney disease (CKD), which is characterized
by albuminuria or reduced kidney function, is a world-
wide public health problem with increasing incidence
and prevalence [1, 2]. It has been demonstrated that
patients with CKD have an increased risk of
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cardiovascular events and death [3, 4]. Furthermore,
even mild renal insufficiency increases the risk of car-
diovascular events [5, 6] and also serves as a predictor
of the progression of kidney disease [7]. Therefore, the
early detection of CKD, which is characterized by a
mildly reduced estimated glomerular filtration rate
(eGFR) and other contributing risk factors, is of crit-
ical importance.

A series of abnormalities, including hypertension,
dyslipidemia, abdominal obesity, and insulin resistance,
indicate the presence of metabolic syndrome (MS). MS
has been associated with cardiovascular disease, stroke,
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and all-cause mortality in the general population [8, 9],
and epidemiologic observations have suggested an inde-
pendent association between MS and CKD [10-12].
Song et al. reported that among a total of 75,468 partic-
ipants, there was a clear relationship between MS and a
reduced GFR, with an odds ratio (95% CI) of 1.43
(1.13-1.83) [13]. Participants without MS showed
higher levels of urinary albumin excretion, a lower
GFR, and a greater prevalence of CKD, even after
adjusting for age and gender [14]. However, most stud-
ies have focused on cases of MS and severe kidney dis-
eases where in the eGFR was less than 60 mL/min/
1.73 m?, and few studies have been conducted to deter-
mine the association between MS and a mildly reduced
eGFR defined as a value between 60 and 90 mL/min/
1.73 m® Therefore, the associations between MS and
mildly reduced eGFR have not yet been elucidated.

In the present study, our objective was to evaluate the
association between MS and eGFR in a cross-sectional
study of middle-aged and elderly Chinese adults. The pri-
mary objectives were to examine the relationship between
the individual elements of MS and a mildly reduced eGFR
for improving preventive and therapeutic effects.

Methods

Study population

Objectives in this study were from the Huaian diabetes
prevention program (HADPP) (ChiCTR-TRC-14005029).
This program enrolled 10,000 retired workers who had
physical exanimation in the Second People’s Hospital from
June 2014 to February 2015, who were treated with diet
and exercise management. After three-year follow-up, in-
cidence, hospitalization rate and complications of DM
were analyzed. This study enrolled only 4249 objectives to
conduct a cross section analysis. A total of 4249 partici-
pants, ranging from 40 to 79 years of age, in the frame-
work of routine health examinations were recruited from
August to October 2014. Participants with the following
were excluded: 1) missing data for calculating the eGFR
(n = 566); 2) previously diagnosed kidney disease, includ-
ing nephritis, autoimmune or drug-induced kidney dis-
ease, renal failure, or kidney transplant with dialysis
treatment (n = 59); 3) previously diagnosed serious
hepatic disease, including fatty liver, liver cirrhosis and
autoimmune hepatitis (n = 232); 4) peripheral arterial
sclerosis disease (n = 27); 5) coronary heart disease
(CHD), including myocardial infarction and angina pec-
toris (n = 256); or 6) an eGFR <60 mL/min/1.73 m’
(n = 117). Finally, a total of 2992 participants (1933
women) were eligible for the analysis.

Data collection
The demographic characteristics, lifestyle information and
medical history were obtained by trained investigators
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through a standard questionnaire. Body mass index (BMI)
was calculated as the subject’s weight (kg) divided by their
height squared (m?). Blood pressure (BP) was consecu-
tively measured 3 times (OMRON Model HEM-752
FUZZY, Omron Company, Dalian city, Liaoning Province,
China). After an overnight fast, venous blood samples
were collected for measurement of fasting blood glu-
cose (FPQG), and postprandial blood glucose (PBG) was
measured after participants had completed a 75-g oral
glucose tolerance test (OGTT). The creatinine and lipid
profiles (total cholesterol (TC), triglycerides (TG), low-
density lipoprotein-C (LDL-C) and high-density
lipoprotein-C (HDL-C)) and the HbAlc levels were
measured using high-performance liquid chromatog-
raphy (VARIANT II and D-10 Systems, BIO-RAD,
Hercules, CA, USA). The eGFR was calculated from
the creatinine levels using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula [15].

Definitions

GFR classifications: A normal eGFR (NGFR) was defined
as 290 mL/min/1.73 m? besides the participants with
hyperfiltration, and renal hyperfiltration was defined as
GEFR >90th percentile after adjusting for sex, age, weight,
height, and the use of ACE inhibitors or ARB. This was
done by selecting all participants >90th percentile in the
distribution of residuals from a multiple linear regres-
sion analysis where we used absolute GFR as a
dependent variable and sex, age, weight, height and use
of ACE inhibitors or ARB as independent variables [16].
A mildly reduced eGFR (MRGEFR) was defined as a value
between 60 and 90 mL/min/1.73 m?,

The presence of MS was defined according to the
Adult Treatment Panel III (ATP III) criteria as the pres-
ence of three or more of the following risk factors [17]:
1) obesity: a waist circumference > 90 cm in men and
>80 cm in women; 2) elevated TG: a serum TG
level > 1.70 mmol/L (150 mg/dL); 3) reduced HDL-C: an
HDL-C level < 1.04 mmol/L (40 mg/dl) in men or
<1.30 mmol/L (50 mg/dl) in women; 4) elevated BP: BP
>130/85 mmHg and/or the use of antihypertensive med-
ications; and 5) elevated FPG: a serum glucose
level > 6.11 mmol/L (110 mg/dl) and/or the use of insu-
lin or hypoglycemic medication.

The presence of diabetes was defined according to
the 2012 American Diabetes Association (ADA) cri-
teria as follows [18]: FPG 2126 mg/dL (7.0 mmol/L) or
2-h plasma glucose in the 75-g OGTT =200 mg/dL
(11.1 mmol/L) or HbAlc 26.5%. Control of diabetes
criteria:  HbAlc < 7.0%. Control of diabetes:
HbAlc < 7.0%. Control of hypertension criteria [19]:
SBP/DBP <140/90 mmHg. Sodium in taking criteria:
>2300 mg/day.
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Statistical analysis

The continuous variables in this study, which included a
large cohort of people, exhibited a normal distribution
or an approximately normal distribution and are pre-
sented as the means = SD, and the categorical variables
are presented as numbers (%). The differences between
the groups were analyzed using one-way analysis of vari-
ance (ANOVA), with non-parametric tests for non-
normally distributed variables and chi-square test for
categorical data. After verifying the assumption of a lin-
ear relationship between the dependent and independent
variables that were introduced into the linear regression
model, a multiple linear regression analysis was used to
estimate the association of the MS and/or its compo-
nents with the eGFR. A logistic regression analysis was
used to assess the association of MS and/or its compo-
nents with the prevalence of a mildly reduced eGFR. We
constructed unadjusted and multivariable-adjusted
models (incorporating age and gender, drinking, smok-
ing, hypertension, control of diabetes and hypertension
and use of ACE inhibitors or ARB) (Additional file 1:
Table S1). In this study, the proportion of patients using
other antihypertensive drugs or antihyperlipidimic
agents was small, which is shown clearly in Additional
file 1: Table S1. The odds ratios and 95% confidence in-
tervals (CIs) were calculated using exponentiation of
the logistic regression coefficients. Moreover, to analyze
the relationship between MS and hyperfiltration, we
performed a logistic regression analysis using the same
dependent variables and models for hyperfiltration. A P
value <0.05 was considered statistically significant. All
of the statistical analyses were performed using SPSS
16.0 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of participants

A total of 117 participants with an eGFR <60 mL/min/
1.73 m* were excluded. Thus, 2992 participants were en-
rolled in the study (1933 females aged 40—79 years, 1059
males aged 40-79 years) and divided into three groups
according to the eGFR classification criteria in defini-
tions. As shown in Table 1, nearly all of the characteris-
tics evaluated differed among the three groups, with the
exception of the percentage of individuals with diabetes,
systolic, diastolic BP and cause of MS. As the GFR in-
creased, age, BMI, waist circumference, TC, TG, LDL-C,
serum uric acid, serum creatinine, blood urea nitrogen
(BUN), the number of males, the prevalence of smoking
and drinking, and a history of hypertension were signifi-
cantly decreased, whereas the FPG, HbAlc and HDL-C
levels were significantly increased (all P < 0.001). More-
over, the percentage of individuals with 0—-2 MS compo-
nents was higher in the groups with a GFR 290 mL/
min/1.73 m* compared with those with a GFR between
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60 and 90 mL/min/1.73 m? whereas the percentage of
individuals with 3-5 MS components was lower. Ac-
cordingly, the percentage of participants with MS com-
ponents was significantly higher among participants
with a mildly reduced GFR. By contrast, participants
with hyperfiltration were more likely to have elevated
FPG levels than those with normal and reduced eGFRs.
Patients were divided into two groups according to
eGFR: one group with eGFR between 60 and 75 and one
group with eGFR between 76 and 89. Compared with
eGFR 60-75 group, age, BMI, waist circumference, TC,
TG, LDL-C, serum uric acid, serum creatinine, BUN, the
number of males, the prevalence of smoking and drink-
ing, and a history of hypertension decreased signifi-
cantly, while the FPG, and HDL-C levels increased
significantly in eGFR 76-89 group. In eGFR 60-75
group, the number of patients with MS components
more than 3 was significantly more than that in eGFR
76—-89 group.

As shown in Fig. 1, the results revealed a significant,
graded association between the number of MS compo-
nents and a mildly reduced GFR (P < 0.001) for each
comparison. Furthermore, there was a significant linear
trend for the relationship between eGFR values and MS
as a whole (top panel).

Multiple linear regression analysis

As shown in Table 2, three models were constructed to
analyze the association between different MS compo-
nents and the eGFR value (HbAlc and FPG were ana-
lyzed separately due to co-linearity). The assumption of
a linear relationship between the MS components and
the eGFR value was assessed using a histogram of the re-
siduals, together with a scatter plot of the standardized
residuals to the standardized predicted value in the dif-
ferent models, showing an approximately linear relation-
ship. In MS model, MS showed an independent,
negative association with the eGFR value. However, after
adjusting for age, gender, drinking and smoking status,
hypertension, control of diabetes and hypertension and
use of angiotensin-converting enzyme (ACE) inhibitors
or angiotensin receptor blockers (ARBs), this negative
association of MS and eGFR remained intact. In models
2 and 3, following multivariable adjustment, TG level
and waist circumference were found to be negatively as-
sociated with the eGFR, whereas the FPG and HbAlc
levels were positively associated with the eGFR.

Multiple logistic regression analysis for mildly reduced
eGFR

The unadjusted and multivariable-adjusted odds ratios
for the association of a mildly reduced eGFR with the in-
dividual and multiple components of MS are reported in
Table 3 for the four models. After adjusting for several
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Table 1 Characteristics of the study participants
eGFR classifications

Characteristics MRGFR (n = 1479) NGFR (n = 1213) Hyperfiltration (n = 300) P-value
Male, n (%) 640 (43.3) 297 (30.5) 122 (40.7) <0.001
Age (years) 62.71 £ 7.55 5938 £5.72 60.73 £ 5.16 0.064
Current smoking, n (%) 292 (19.7) 153 (12.6) 50 (16.7) <0.001
Drinking, n (%) 256 (17.3) 155 (12.8) 62 (20.7) 0.002
Sodium in taking, n (%) 305 (20.6) 197 (16.3) 56 (18.7) 0.003
Control of Diabetes, n (%) 81 (254) 55 (26.5) 19 (25.6) 0.189
Diabetes, n (%) 328 (22.1) 215 (188) 74 (20.1) 0.496
Use of ACE inhibitors or ARB, n (%) 87 (5.9) 54 (4.6) 18 (4.9) 0.635
Control of Hypertension, n (%) 415 (70) 252 (75) 68 (77) <0.001
History of Hypertension, n (%) 594 (40.2) 337 (27.8) 90 (30.3) <0.001
Waist circumference (cm) 85.04 = 9.02 8151 + 893 84.29 + 803 <0.001
BMI (kg/m2) 2462 + 3.03 2427 + 333 24.86 £ 3.08 0.001
SBP (mmHg) 141.12 £ 3362 139.09 + 20.14 140.16 + 20.84 0417
DBP (mmHg) 85.12 + 2846 8342 + 1456 84.05 + 14.98 0.179
FPG (mg/dl) 104.76 + 2646 10258 + 27.36 11446 + 37.98 0.001
HbA1c (%) 590 + 0.87 5.90 £ 091 623+ 123 0.001
TC (mmol/I) 521+ 087 5.18 £ 0.85 506 £ 092 <0.001
TG (mmol/l) 2.14 (0.26,19.82) 1.89 (0.26,10.29) 1.84 (048,16.42) <0.001
HDL-c (mmol/l) 1.38 £ 0.56 142 + 0.50 142 £ 048 <0.001
LDL-c (mmol/l) 2.78 £0.73 2.71 £0.68 2.56 £ 067 <0.001
SUA (mg/dl) 522+ 135 449 +1.16 395 £ 1.02 <0.001
BUN (mmol/l) 539+ 130 499 £ 1.24 487 £1.27 <0.001
Serum creatinine (mg/dl) 089 +0.13 0.72 £ 0.09 0.60 + 0.08 <0.001
eGFR (mL/min/1.73 m2) 7844 £ 767 97.84 + 323 106.27 £ 4.25 <0.001
MS components 0,1,2,3,4,5, (%) 7,24,26,26,14,3 13,25,26,20,13.3 12,26,27,21,12,2 <0.001

Data were presented as means (+SD) or number (%). Means and proportions were compared by ANOVA and Fisher’s exact test, respectively. P values testing the
overall difference among eGFR Classifications. NGFR, normal eGFR; MRGFR, mildly reduced GFR; The eGFR Classifications of NGFR, MRGFR and hyperfiltration were
in definitions. Definitions of hypertension, diabetes, MS were in methods. Sodium in taking; >6 g/day salt. MS metabolic syndrome, BMI body mass index, SBP
systolic blood pressure, DBP diastolic blood pressure, HDL high density lipoprotein, LDL low density lipoprotein, FPG fasting plasma glucose, TG Triglycerides,

TC Total cholesterol, SUA serum uric acid, BUN, blood urea nitrogen, e-GFR estimated glomerular filtration rate. International system of units (SI) conversion: plasma
glucose 1 mg/dl = 1/18 mmol/l; SUA 1 mg/dl = 59.5 mmol/l; Serum creatinine, 1 mg/dL = 88.41umol/L

potential confounders, the participants without MS
showed a 1.29-fold increased odds ratio for a mildly re-
duced eGFR compared with those without MS. In com-
parison to participants without any MS components,
there was a significant, stepwise increasing risk for the
occurrence of a mildly reduced eGFR accompanying
each additional component from 1 to 3 MS compo-
nents. However, the risk associated with 4 and 5 MS
components was lower than that associated with 3 MS
components. In an attempt to explain this variation, the
association between mildly reduced eGFR and individ-
ual MS traits was studied. Elevated TG, decreased HDL
and obesity were significant risk factors of a mildly re-
duced eGFR in the multi-adjusted model, whereas ele-
vated FPG levels reduced the risk of a mildly reduced

eGFR. Furthermore, when elevated FPG levels were re-
placed by elevated HbAlc levels, similar results were
obtained.

Next, we investigated the variations of MS compo-
nents’ prevalence according to the number of MS
components (Fig. 2). When the number of metabolic
components increased, the prevalence of individual
MS traits gradually increased. In particular, the preva-
lence of elevated FPG levels in participants with 4 and
5 MS components was 48.4 and 100%, respectively,
which was significantly higher increase than for the
other components. Due to the different roles of cer-
tain MS components, participants with 5 MS compo-
nents did not show an increased risk for a mildly
reduced eGFR.
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Fig. 1 Relationship between metabolic syndrome (MS) and estimated glomerular filtration rate (eGFR) values. P refers to intergroup comparisons.
Top panel: prevalence of MS according to eGFR classifications. The eGFR range for each classification is given in parentheses. Bottom panel:
prevalence of eGFR classifications by number of MS components adjusted by sex and age ()(2 test). A normal eGFR (NGFR) was defined as

>90 mL/min/1.73 m?. A mildly reduced eGFR (MRGFR) was defined as a value between 60 and 90 mL/min/1.73 m?

Multiple logistic regression analysis for hyperfiltration
The 300 subjects (122 men) defined with hyperfiltra-
tion had mean GFRs of 103.27 (range 90.6—135.7) mL/
min/1.73 m? As shown in Table 4, we also analyzed
the association between individual and multiple com-
ponents of MS and an increased risk for hyperfiltration
using the same four models. In MS model and number
of MS components model, the presence of MS and the
number of MS components were not associated with
the hyperfiltration risk. However, after adjusting for age
and gender, drinking and smoking status, hypertension,
use of ACE inhibitors or ARBs and MS components
(BMI, BP, TG, HDL-C), both elevated FPG and HbAlc
levels showed an independent relationship with an in-
creased risk for hyperfiltration.

Discussion

Cardiovascular mortality is approximately two-times
higher in patients with stage 3 CKD (eGFR of 30—
59 mL/min per 1.73 m?) and three-times higher in those
with stage 4 CKD (15-29 mL/min per 1.73 m?) than in
individuals with normal kidney function [20]. Even if a
mild reduction in eGFR is observed, it is often accom-
panied by an increased risk for cardiovascular events,
such as arterial stiffness, coronary artery calcium, myo-
cardial hypertrophy, and even mortality [5, 6, 21]. MS
may play an important role in mediating cardiovascular
disease and the progression of CKD [22, 23]. In particu-
lar, two studies indicated that the rates of dyslipidemia
and diastolic BP variability were significantly higher in
patients with a mildly reduced eGFR than in participants
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Table 2 Multiple linear regression analysis of the relationship between MS components and eGFR

Page 6 of 10

Models Independent variable Unadjusted Multivariable adjusted®
b Coefficient (95% Cl) P-value b Coefficient (95% Cl) P-value
1 MS Model
MS Y/N -2494 (-3.364 to —1.624) <0.001 —1.329 (-2.098 to —0.520) 0.002
2 MS components Model
SBP, per mmHg 0.003 (-0.013 to 0.019) 0.753 0.008 (-0.00 7to 0.022) 0.246
DBP, per mmHg —0.008 (—0.028 to 0.012) 0420 —0.012 (=0.029 to 0.005) 0.158
TG, per mmol/L —-1.082 (1414 to —0.750) <0.001 —1.225 (-1.518 to —0.931) <0.001
HDL, per mmol/L 0.360 (-0.444 to 1.165) 0380 0418 (-0.294 to 1.130) 0250
Waist circumference, per cm —0.310 (-0.369 to —0.252) <0.001 —0.075 (=0.126 to —0.024) 0.004
BMI, per kg/m2 0.293 (0.128-0.458) 0.001 —0.043 (-0.195 to 0.109) 0.580
FPG, per mg/dL 0443 (0.173-1.714) 0.001 0.740 (0.500-0.980) 0.024
3 MS components + HbATC Model
HbA1c, per % unit 0.978 (0.593-1.363) <0.001 1.254 (0.850-1.657) <0.001

Cl confidence interval, MS Metabolic syndrome, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL high density lipoprotein,

FPG fasting plasma glucose, TG Triglycerides, e-GFR estimated glomerular filtration rate. HbA1c Glycosylated hemoglobin Alc;

?Adjusting for age and gender, current smoking, history of hypertension, drinking, use of ACE inhibitors or ARB, control of diabetes and hypertension

with a normal eGFR [24, 25], suggesting that MS in- In this Chinese population, which ranged in age from
cludes a series of metabolic abnormalities that may also 40 to 79 years, we found that MS was independently as-
be closely associated with a mildly reduced eGFR. sociated with a mildly reduced eGFR following a multi-
Therefore, it is necessary to clarify the relationship be-  variable adjustment. However, the participants with 1
tween MS and a mildly reduced eGFR for the early to 4 MS components showed a significant, increased
diagnosis and preventive of renal damage. risk in the occurrence of a mildly reduced eGFR with

Table 3 Multiple logistic regression analyses of odds ratio for mildly reduced eGFR

Independent variable Unadjusted Multivariable adjusted®
OR (95% Cl) P-value OR (95% Cl) P-value
1 MS Model
MS Y/N 1.39 (1.20-1.61) <0.001 1.29 (1.09-1.52) 0.003
2 Number of MS components Model
0 1 1
1 1.64 (125-2.16) <0.001 1.38 (1.02-1.85) 0.035
2 1.85 (1.41-243) <0.001 1.53 (1.14-2.06) 0.004
3 2.30 (1.74-3.03) <0.001 1.94 (144-2.62) <0.001
4 2.09 (1.54-2.84) <0.001 1.58 (1.14-2.20) 0.007
5 2.03 (1.25-3.30) 0.004 1.53 (0.91-2.58) 0111
3 MS components Model
Elevated BP Y/N 121 (1.01-1.44) 0.040 1.02 (0.85-1.22) 0.853
Elevated TG Y/N 1.16 (1.00-1.35) 0.049 1.25 (1.05-1.49) 0011
Decreased HDL Y/N 1.04 (0.84-1.29) 0.742 1.23 (1.03-1.48) 0.025
Obesity Y/N 142 (1.22-1.65) <0.001 1.22 (1.03-145) 0.019
Elevated FPG Y/N 093 (0.77-1.11) 0419 0.64 (0.52-0.78) <0.001
4 MS components + HbA1C Model
B1 (<6.5) 1 1
B2 (26.5) 1.21 (1.03-142) 0.020 0.56 (0.45-0.70) <0.001

Cl confidence interval, OR odds ratio, MS Metabolic syndrome, BP blood pressure, TG Triglycerides, HDL high density lipoprotein; Obesity, a waist
circumference > 90 cm in men and >80 cm in women; FPG fasting plasma glucose, eGFR estimated glomerular filtration rate;

@Adjusting for age and gender, current smoking, history of hypertension, drinking, use of ACE inhibitors or ARB, control of diabetes and hypertension
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Fig. 2 The variations of MS components’ prevalence according to the number of MS components. P refers to intergroup comparisons

the exception of participants with 5 MS components,
compared with the participants without MS compo-
nents, which is inconsistent with previous findings [13,
26-28]. In an attempt to explain this variation, we per-
formed an in-depth analysis of the relationship between

mildly reduced GFR and the various elements of MS,
which showed that TG levels and waist circumference
were negatively correlated with the eGFR following the
multivariable adjustment, whereas the FPG and HbAlc
levels were positively correlated with the eGFR.

Table 4 Multiple logistic regression analyses of odds ratio for hyperfiltration

Independent variable Unadjusted Multivariable adjusted®
OR (95% Cl) P-value OR (95% Cl) P-value
1 MS Model
MS Y/N 0.76 (0.60-0.96) 0.019 0.71 (0.71-1.21) 0.930
2 Number of MS components Model
0 1 1
1 0.80 (0.56-1.15) 0223 1.06 (0.70-1.60) 0.798
2 0.62 (043-0.90) 0011 0.81 (0.53-1.24) 0326
3 0.66 (0.45-0.96) 0.029 0.95 (0.61-1.46) 0.798
4 0.44 (0.28-0.70) 0.001 0.73 (043-1.25) 0.249
5 051 (0.23-1.12) 0.094 0.89 (0.36-2.19) 0.797
3 MS components Model
Elevated BP Y/N 0.82 (0.65-1.04) 0.100 0.98 (0.74-1.30) 0.844
Elevated TG Y/N 0.62 (0.49-0.79) <0.001 0.56 (1.42-1.75) <0.001
Decreased HDL Y/N 1.33 (1.04-1.70) 0.025 1.07 (1.81-1.42) 0.638
Obesity Y/N 0.69 (0.54-0.88) 0.002 0.98 (0.69-1.21) 0527
Elevated FPG Y/N 1.05 (0.79-1.40) 0.717 1.53 (1.30-1.81) <0.001
4 MS components + HbATC Model
B1 (<6.5) 1 1
B2 (26.5) 1.50 (1.11-2.02) 0.008 2.86 (2.0-4.09) 0.000

Cl confidence interval, OR odds ratio, MS Metabolic syndrome, BP blood pressure, TG Triglycerides, HDL high density lipoprotein, Obesity a waist

circumference > 90 cm in men and >80 cm in women, FPG fasting plasma glucose;

@Adjusting for age and gender, current smoking, history of hypertension, drinking, use of ACE inhibitors or ARB, control of diabetes and hypertension
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Furthermore, the multiple logistic regression analysis
for mildly reduced eGFR indicated that elevated TG,
decreased HDL and obesity significantly increased the
risk for a mildly reduced eGFR in the multi-adjusted
model, whereas elevated FPG and HbAlc levels pre-
sented the opposite effect. Accordingly, due to the dual
roles of certain MS components, the presence of 5 MS
components did not increase the risk for a mildly re-
duced eGFR in the models used in this study.

Several differences should be noted between our study
and previous investigations [13, 24, 26—28]. First, the
participants in this cross-sectional study were selected
from a Chinese population, after excluding individuals
with CHD, peripheral arterial disease, and CKD. How-
ever, Chinese individuals tend to have a lower GFR and
a lower GFR rate of decrease compared with Western
populations. Second, in our study, individual MS com-
ponent showed different effects on the eGFR levels. Ele-
vated TG, reduced HDL and obesity were independently
associated with a mildly reduced eGFR, similar to other
studies [13, 28]. However, elevated FPG (>6.11 mmol/L)
and HbAlc levels (>6.5%) were independent factors for
hyperfiltration, besides a reduced eGFR, which was simi-
lar to our early study [29]. Among the participants with
diabetes, 58.8% were newly diagnosed and 41.2% had a
diabetic history of 7.14 + 6.02 years. The majority of
the participants with abnormal blood glucose levels
were in the pre-diabetes or early stages of diabetic
nephropathy (DN), which are characterized by hyperfil-
tration (Additional file 1: Table S2). There are 1358 pa-
tients with pre-diabetes, accounting for 45.4% of the
population. This finding may explain why participants
with 5 MS components did not show an increased risk
for a mildly reduced eGFR compared with participants
without MS components in the present cross-sectional
study. Several previous studies have shown that hyper-
tension is a well-established risk factor for the progres-
sion of CKD [28, 30]. However, in our multivariable
model, elevated BP was not associated with either a
mildly reduced eGFR or hyperfiltration. This study fo-
cused on the associations between elevated BP and
mildly reduced eGEFR. Thus, participants with a GFR of
60-90 mL/min per 1.73m? were recruited, and partici-
pants with a GFR less than 60 mL/min per 1.73m>
defined as CKD [13, 28] were not evaluated. Moreover,
among the participant with hypertension, 47.3% were
newly diagnosed and 52.7% had a hypertension history
of 10.18 + 7.54 years. The majority of the participants
with hypertension were in the early stages of nephropa-
thy. This findings may explain why elevated BP was not
associated with either a mildly reduced eGFR or hyper-
filtration in the present cross-sectional study. Third, we
analyzed the relationship between MS and eGFR ac-
cording to the presence of a mildly reduced eGFR and
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hyperfiltration, and we concluded that MS was inde-
pendently associated with a mildly reduced eGFR. This
finding is of great importance because CKD is associ-
ated with irreversible progression. Therefore, early de-
tection of the contributing risk factors for a mildly
reduced eGFR will be beneficial for the early prevention
of CKD. Fourth, the definition of hyperfiltration varies
between studies. The clinical relevance of hyperfiltra-
tion is based on a proposed pathologic effect of
increased single-nephron GFR, which cannot be mea-
sured in humans. Moreover, the number of nephrons
varies significantly between individuals, which is af-
fected by many factors such as age, gender, weight,
height and use of ACE inhibitors or ARB. Therefore,
we chose a GFR value greater than the 90th percentile
after adjusting for sex, age, weight, height and use of
ACE inhibitors or ARB as indicative of hyperfiltration
[16], rather than the arbitrary thresholds reported in
previous studies, which range from 110 to 140 mlL/
min/1.73 m” [31, 32].

MS has been linked to CKD in several cross-sectional
studies [13, 26, 28]. However, the debate over the associ-
ation between the individual components of MS and
CKD or a reduced GFR has continued, which reveals
our lack of recognition of the dynamic responses of the
elements of MS during the development of renal dys-
function. The effect of MS on the process of CKD varies
based on the presence and severity of different MS com-
ponents as well as the nationality and race of the popu-
lation under study. In our study, participants with an
elevated FPG level only presented with hyperfiltration,
whereas participants with elevated TG and/or reduced
HDL and/or obesity showed a mildly reduced eGFR. In
addition, participants with both elevated FPG and ele-
vated TG and/or reduced HDL and/or obesity showed
varying eGFR levels. Therefore, the eGFR levels cannot
fully reflect the degree of renal damage. However, lon-
gitudinal studies on MS and CKD indicate that MS is
linked to CKD [23, 33]. Hence, we inferred that both a
mildly reduced eGFR and hyperfiltration increase the
risk of CKD. MS had dual impact on renal damage.
Nevertheless, it is necessary to perform follow-up stud-
ies on participants with mildly reduced eGFRs and
hyperfiltration.

There were two significance of this decrease in renal
function. First, many transverse and longitudinal re-
searches indicated that mild renal function decrease
would increase mortality from cardiovascular diseases
[6, 34, 35]. However, mild renal dysfunction has not
caused enough attention, and the recognition of its risk
factors is insufficient. Researched about MS and severe
renal dysfunction are adequate, while researches about
MS and mild renal dysfunction are rare. Second, our
previous study showed that hyperglycemia was the



Hu et al. BMC Nephrology (2017) 18:192

independent factor of hyperfiltration [29]. Thus, MS has
double effects on GFR. On one hand, lipid, blood pres-
sure and waist circumference decreased GFR. On the
other hand, blood glucose increased GFR. Therefore,
decrease of GFR might be severer than actual renal dam-
ages. MS patients with mild renal dysfunction should be
paid attention to.

Our study had certain limitations. First, we chose the
eGFR rather than the measured GFR, which is influ-
enced by non-GFR factors, such as body composition
and glycemic status [36]. Second, a cross-sectional study
cannot infer the causality between MS, a mildly reduced
eGFR and subsequent CKD. Therefore, longitudinal
studies are needed to investigate whether MS factors as-
sociated with a mildly reduced eGFR represent risk fac-
tors for renal injury in the general population. Third,
this study was a single-center study, and our population
consisted primarily of urban workers who underwent an
annual health checkup and had a low prevalence of CKD
and severe DN.

Conclusions

In conclusion, these results show that MS is associated
with an increased risk for a mildly reduced eGER in the
middle-aged and elderly Chinese population. Moreover,
individual components of MS play a different role on the
eGFR; elevated TG, reduced HDL and obesity increase
the risk for a mildly reduced eGFR, whereas elevated
FPG and HbAlc levels increase the risk for hyperfiltra-
tion. Therefore MS had dual impact on renal injury.
However longitudinal studies are needed to explore
whether both a mildly reduced eGFR and hyperfiltration
increase the risk for CKD in the Chinese population.

Additional file
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